Abstract. Design changes have always been an innate feature of the construction industry. Despite the various project management techniques, many building construction projects still fail to achieve their time and cost objectives. This paper aims to focus on design changes as a major cause of time delays and cost overruns. It seeks to discuss the causing factors of design changes in building construction projects and highlighting the resulting rework that is detrimental to project performance. Hence, this paper also aims to present a conceptual framework which was developed to better manage design changes through clued-up management decision to avoid future claims and disputes. Recent and current literature is examined and reviewed. The review approach was based on related literature to identified themes. The existing literature is summarised into five discrete themes of "design changes", "rework", "time and cost overruns", "communication" and "decision-making". The synthesised literature is subsequently utilised in the development of conceptual map which provided the direction for designing the conceptual framework. Extensive review of preceding studies on causes of time and cost overruns reveals that design changes is identified as one of the significant factors. However, there are limited studies in this domain. The discussion presents a knowledge gap of linking design changes and rework with decision-making in project management. This finding suggests the need for further empirical study. The framework stresses the importance of communication and management decision as the control mechanism. Researchers and practitioners in construction management field will find this study useful in understanding the causing factors of design changes and its detrimental impacts to project performance which risk the project to claims and disputes. The conceptual framework presents an imperative outcome to encourage further research in developing conceptual causal model of design changes which shows the key causal variables and their feedback loops.
Introduction
Design changes have been seen as synonymous with the construction industry. Frequent changes have often caused time delays and cost overruns [1] . These changes over and over again lead to rework [2] which can degrade the project performance [3] . Without proper change management strategy [4] , undesired design changes will result in unexpected rework which lead to delays and disruptions [5] . Delays and disruptions have negative effects on construction project performance [6] , [7] . In this paper, the authors emphasize on time delays and cost overruns in building construction project. Deviation of project objectives results in claims and disputes among the contracting parties in the construction project [8] . One of the many cases of design changes that much affected the project performance in Malaysia is the construction of low-cost air terminal Kuala Lumpur International Airport 2 (KLIA2) where cost overruns and time delays are pertinent. The new design concept caused construction cost to increase from the initial RM 1.7 billion to RM 4 billion [9] , [10] along with the opening date moved several times. Hence, amplify the need to manage design changes [11] in construction project. The purpose of this study is to develop a conceptual framework for the management of design changes in building construction projects. This study is able to assist researchers and practitioners in gaining an in-depth understanding of the causes of design changes and the relationship of decisionmaking with design changes caused rework as a change management strategy. overruns in construction projects [13] - [20] . Mohamad et al. [21] reported that design changes is a common phenomenon in building construction project which will inevitably lead to claims and disputes. Burati et al. [22] defined design changes as "design deviations which are related to the design of the project that occur when changes are made in the project design and requirements". These changes are any additions, omissions or adjustments made to the original scope of work after a contract is awarded [23] that lead to adjustment to the contract price or contract time [24] . Hence, making construction projects dynamic and unstable [25] . Design changes definition in this paper is synthesized as "regular additions, omissions and adjustments to both design and construction of work in a building construction project that occurs after the award of contract which affects the contract provisions and work conditions that make building construction dynamic and unstable".
Olawale and Sun [4] revealed that construction projects globally share some key characteristics. This is further supported by Abdul-Rahman et al. [11] in the synthesis of preceeding studies where design changes have been named as the critical factor for project delays and cost overuns in construction project at different parts of the world. Even so, studies on project delays and cost overruns in Malaysian context have fall short of identifying design changes as one of the important factors that inhibit project performance (see [26] , [27] ). The issue of managing design changes has not received much attention in literature [28] . In addition, empirical studies on the causes of schedule and cost escalations due to design changes are limited [15] . This observation provides the underlying motivation for future studies to fill the gap in knowledge in this domain.
Rework in construction
Rework is a proverbial occurrence in building construction projects. Rework is identified as significant factor for poor project performance [29] . A number of researchers have developed definitions for rework that can be found in construction management literature. According to Love and Edwards [30] and Love et al. [31] , rework is defined as "the unnecessary effort of redoing a process or activity that was incorrectly implemented at the first time". Ashford (1992, as cited in [29] ) defines rework as "the process by which an item is made to conform to the original requirement by completion or correction". Refering to Hwang et al. [32] , rework can be defined as "having to redo work to nonconformance with requirements". Fayek et al. [33] define rework as "activities in the field that have to be done more than once in the field, or activities which remove work previously installed as part of the project regardless of source, where no change order has been issued and no change of scope has been identified by the owner. Even though the definitions and interpretation of rework vary, one common theme prevail -rework refers to having to redo work due to nonconformance to requirments. Literature is replete with studies indicating that significant rework in construction is due to design changes [34] - [36] .
Methodology for development of conceptual framework
The identified themes, issues and gap in knowledge are used to inform the development of a conceptual model for managing design changes in building construction projects. A conceptual framework in the sense being used here can be thought of as a diagram or map of a researcher's current view of the territory being investigated (Miles & Huberman, 1984, p. 33 as cited in [37] . Figure 1 illustrates the methodology adopted in design and development of conceptual framework which was adapted from Bhattacharya et al. [38] . This is useful for setting the boundaries and limitations of the study which form the basis for the research design strategy and suggest the direction for fieldwork. The first step of design was to identify the knowledge gaps within the research domain through critical appraisal of literature so that the themes and subthemes of the study could be formed. This phase is central for establishment of scope of study. Subsequently, the conceptual framework was developed based on the information synthesized from the literature. The method employed for developing the conceptual framework was carried out in two stages. The first stage was to develop a conceptual framework of causing factors influencing design changes while the second stage is to expand the framework to include rework, decision-making and communication parameters. The conceptual model was then verified internally by revisiting the parameters of study and confirming whether the developed framework is representing the objectives of the study. 
Causing factors of design changes in building construction
The focus of this section is the causing factors of design changes, because a good understanding of causes are a prerequisite for understanding the dynamics of design changes in building construction projects. Sun and Meng [1] conducted a literature review that synthesizing on project change causes and effects so as to develop taxonomy for change causes and change effects in construction projects. A study by Love et al. [2] indicated that project changes may arise due to the influences of both internal and external elements. Similarly, Alaghbari et al. [27] highlighted that the causes for delay in construction projects are external causes and internal causes. Love et al. [2] described how changes and their actions or effects which are known as dynamics can impact the project management systems. The dynamics can be classified into internal and external factors which are adapted in this paper. On the other hand, Mohamad et al. [21] categorized the sources of design changes from clients, consultants and contractors whom are the primary parties in building construction projects. In this paper, internal factors includes (1) client-related; (2) designrelated; (3) project-related and (4) contractor-related. Figure 2 exhibits the conceptual framework for causing factors influencing design changes. 
Classification of causing factors of design changes
A plethora of studies have been done by past researchers to investigate the root causes and nature of changes in construction projects. However, the works on causing factors of design changes are not that prevalent. The following section reviews on the existing literatures that focus on the causes of design changes in construction projects. The literature is further synthesized to design cause-and-effect diagram for design changes that is depicted in Figure 3 . Table 1 presents the summary of the sources from existing literature on the identified causing factors of design changes. [17] , [19] , [21] , [39] - [46] ) ii. Design-related [1] , [14] , [15] , [17] , [19] , [21] , [27] , [41] , [42] , [44] , [47] - [54] iii. Project-related [2] , [21] , [26] , [55] , [56] iv. Contractor-related [1] , [21] , [27] , [44] , [50] B. External Factors i. External-related [1] , [2] , [15] , [26] , [27] , [44] , [55] , [57] - [59] 
Client-related causes
Hwang et al. [45] define "client-related rework as the rework that directly originated from client and client's representatives. The study reported that "replacement of materials by the client" was the cause with the highest frequency of occurrence while "change of plans or scope by the client" contributed the most to client-related rework. Similarly, Josephson et al. [42] note the contributing factors of client to rework in Swedish construction industry are client's changes, extra orders, bad choice of material/method and wrong information. According to a study by Mohamad et al. [21] , clients are recognised as a major source of design changes. The three major causes of design changes attributed to the clients were modifications to the original design, addition of new work/scope and unclear initial design brief. Some other significant causes comprise of desire to use better specification, desire to use alternative material/new technology and omission of works/scopes. Similarly, a technical report by Federal Construction Council [39] revealed the client's representative as the most significant source of excessive changes in construction. This is further supported by Alnuaimi et al. [40] in a study on public construction projects in Oman where client's additional works is identified as the topmost factor causing changer orders. Again, Ijaola and Iyagba [41] also reported identical findings in both Nigeria and Oman. Another study by Al-Momani [19] reported that the main causes of delay in construction of public projects in Jordan are related to user changes. El-Razek et al. [43] also have almost similar findings in Egypt, Ogunlana et al. [17] in Thailand and Wu et al. [44] in Taiwan. According to Hwang et al. [45] , client-related factors are (1) change of plans or scope by the client; (2) inadequate/incomprehensive project objectives by the client change in specification by the client; (3) financial problems faced by client; (4) impediment in prompting the decision making by the client; (5) replacement of materials by the client; (6) change in specification by the client; and (7) obstinate nature of the client. The data was collected from 381 projects performed by 51 companies in Singapore. Numerous studies show that client-related changes have a significant impact on the project performance. Therefore, client values are important and should be fully understood at the early phase of the project [46] .
Design-related causes
According to Mendelsohn [47] , almost 75% of problems or rework on construction project were induced at the design phase. The lack of communication between client and design team members can lead to documentation errors and omissions [60] . The design and delivery team often misinterpret the client's requirements in the project [48] , [61] . Therefore, Love et al. [60] suggest the communication and harmonious relationship between clients and their design team and the involvement of clients in the design process can appreciably cut designrelated rework. Key designer-related factors include natural growth of the project was not anticipated at the design stage, design errors as well as design and construction criteria are outdated and do not suit the present construction technology [19] . Modification to design was indicated as the second most important causes of change order in both Nigeria and Oman [41] . According to Sun and Meng [1] , design consultant generated changes include poor/incomplete drawings, design changes due to poor brief, errors and omissions and inconsistent site condition. Mohamad et al. [21] reported improper design/ part of design improvement, inconsistent information in drawings, discrepancy between contracts, lack of geotechnical investigation/ wrong interpretation of findings and insufficient detail of existing site condition as the factors that caused design changes in residential reinforced concrete buildings. Another study by Cox et al. [49] look into post contract award design changes in construction. Frequent reasons cited are: (1) designer's omission in tender documents; (2) coordination defects in tender documents; (3) employer has changed his requirements; and (4) new information on site conditions. Josephson et al. [42] note the contributing factors of design to rework in Swedish construction industry are lack of co-ordination, unsuitable design, faulty design and incomplete drawings. Kaming et al. [14] describe the magnitude of design changes depend upon pre-design site investigation, the completeness of working drawings available at the time of proposal and unpredictable circumstances during construction. Consultant's inability [55] , design omission [15] , [27] , incomplete drawings [17] , design errors [51] and quality of design [44] caused cost and schedule increases. Design changes constitute a major cause of failure in coordination of design information [28] . Defective design is commonly caused by human errors [62] . Design errors can significantly degrade project performance by generating rework, requiring additional time and resource expenditure [52] , [53] .
Project-related causes
Project specific dynamics include location conditions [2] and underground conditions [21] , [26] , [55] . The inherent site conditions of a project will affect the project performace [56] .
Contractor-related causes
Design changes induce by contractor are due to contractor's request to use available material, to use alternative construction method to save time, to use alternative construction methods to save money, to rectify construction mistakes and to improve the quality of works at site [21] . Similarly, modification of construction methods to suit current site conditions, contractor request for original construction methods to be replaced by a new method as well as improper construction or human-errors leasing to on-site repair work are listed by [44] . Poor planning of project caused errors in execution of tasks and inappropriate construction methods [27] , [50] . On the other hand, Sun and Meng [1] included poor site/project management skills, delays in appointing subcontractor, delay of subcontractors' work, poor workmanship, low productivity and poor logistic control as the relevant factors.
External-related causes
Project outcome is most impacted by the regulation imposed by the government [2] . Change of work rules/regulation by the government agencies, neighbourhood communities and coordinating with utility systems as some of the external factors described in Hsieh et al. [55] 's study. In separate study, Sun and Meng [1] , Chang et al. [15] , Wu et al. [44] and Chang [57] also recognized change orders owing to legislative or policy changes as critical external factor. In Malaysia, the external causes are regulatory changes and problem with neighbours [26] . Alaghbari et al. [27] further expanded the external factors to include materials on the market, equipment and tools on the market, economic conditions, law and regulation and external works due to public agencies (roads, utilities and public services). Aiyetan et al. [58] included physical environmental conditions, economic policy and socio-political conditions as factors in their study. Doloi et al. [59] describe lack of communication with local authorities will influence project performance. 
Impacts to project time and cost performance
Design changes in building construction projects will inevitably degrade project performance [7] , [11] , [14] , [20] , [43] , [63] . Although design change has tremendous negative effects [64] , attention paid to proactively manage the impact of these changes is limited [65] . There has been considerably research undertaken that has sought to determine the causes of time delays and cost overruns in construction projects [6] , [14] , [18] , [22] , [56] , [63] , [66] - [69] . Research into determining the causes of time delays and cost overruns has reached saturation point; consistently the same causal variables are identified. However, construction projects suffering from overruns are still on the rise. From a recent study in Malaysia, Shehu et al. [70] stressed that distressingly, 55% of construction projects experienced cost overruns. Abdul-Rahman et al. [71] revealed that practitioners in Malaysian construction industry acknowledge design changes as a major concern to the industry. Chang [15] sampled four project in California and pointed out that schedule and cost increased on average of 69% and 25% respectrively as a result of design changes. . Cox et al [49] claimed that the cost associated with design changes were 5-8% whereas Chang et al. [57] described an average of 8.5%. Love [2] revealed that design change orders resulting in rework can account for as much as 50% of project cost overrun. Deviation costs averaged 12.4% of the total installed project cost [22] . These deviations from project objectives are due to disruptions [72] where reworks are required within the construction process [30] . Disruption is fundamental to reduced productivity and increased rework on the project [73] . Hence, disputed and claims over project changes can be minimized when the problems are recognized at the earlier stages of the project [64] , especially when client's decision-making is required [74] .
Simulation model as decisionsupport and communication tool
Changes in construction projects are more often than not unpredictable. This is primarily due to the uniqueness of each project and the limited resources than can be used on planning, executing and delivering the project [75] . By and large, practitioners need to predict changes in a timely manner [76] . Hence, the ability to predict the probabilities of occurrence [71] is essential to mitigate overruns and possible disputes due to design changes and rework [11] .
Computer-generated performance simulations are useful to better understand the dynamics of change [77] where critical decision-making can be enhanced through use of predictive models [78] . According to Kartam [76] , conflict will be minimised when problems are found at the earlier possible stage of a project thereby enabling the implementation of counter measures. Any request for change will generate costly ripple effects which create delays and disruptions [79] that will affects project performance. Additionally, effective management is difficult in a world of high dynamic complexity where decisions may create unanticipated side effects and delayed consequences [80] . A plethora of research have presented on change management model relating to construction management (see [8] , [25] , [28] , [81] - [84] ). But few have link the use of change management model as decision-support tool. Simulation models have been successfully tried to assist decision making (see [85] - [89] ). Simulation models are useful to predict the performance of project [90] to aid decision making and policy implementation [91] . Thus, simulation model is imperative to support decisionmaking in dynamic project management.
In highly dynamic project environment, communication becomes complex but essential [92] . Naoum [93] emphasized that lack of timely and effective communication, lack of integration, uncertainty, a changing environment and increasing project complexity are the drivers of project change. With a better understanding of which change factors or combination of change factors are most influential in the development of delay and disruption impacts, the construction industry will hopefully be able to better forecast and manage the impacts of design changes. Simulation models can be used as a communication platform [94] with graphical illustration helpful for visualizing and understanding of impacts of design changes on project performance or termed as "management simulator" [95] . Therefore, practitioners can convey the strategies to other team members or stakeholders at ease.
The proposed conceptual framework
A model for management of design changes in building construction projects by placing emphasis on management decision is proposed (Figure 4 ). The simulation model can be deployed to provide effective communication platform through predictive model to understand the dynamics of design changes, the knock-on effects due to rework that cause delay and disruption and possible degradation of project time and cost performance. Therefore, practitioners can acclimatize the simulation data from the predictive model for clued-up decision-making at the point of design change request. Hence, the impacts can be envisaged at the early stage in order to minimize the risk of project to potential claims and disputes at the tail end of the project. 
System dynamics in managing design changes
There is now a need for alternative research approaches in construction project management studies [96] . This claim is further justified by Ahiaga-Dagbui et al. [97] that identified methodological gap in current research that lack system thinking and demonstrable causality. By applying system thinking to the problem of design changes by understanding the types of design changes and factors influencing the occurrence of these changes at various times in the project, system thinking can lead the construction industry towards realizing how to prevent or mitigate delay and disruption impacts by anticipating when and where design changes are most likely to occur. System dynamics (SD) is a methodology for analysing complex systems and problems with the aid of computer simulation software. It is an experimental approach to system thinking [95] . SD modelling has brought a new view to project management, enabling understanding of the behaviour of complex projects that was not accessible with other methods [5] . SD is about studying complex and dynamic systems which change over time, and about finding the "why" (causes) and "how" (pattern) of system changes. According to Sterman [79] , [95] , SD models are suitable for complex and highly dynamic systems which involve multiple feedback processes with non-linear relationships as well as encompass both "hard" and "soft" data. Human factors such as motivation and productivity are considered as soft variables.
SD models are providing systematic analysis of the strategic issues of project management [98] . SD models have been successfully applied to construction project management [98] - [101] ; effect of rework on project performance [2] , [52] , [102] ; change management in construction [65] , [103] ; decision making in construction [88] , [104] ; delay and disruptions in construction [5] , [105] ; procurement strategies [106] , [107] ; outsourcing construction services [108] and analyzing project cost overruns [109] , among others. SD models can complement the shortcomings of traditional tools and techniques [110] .
Besides, significant numbers of researchers promote the use of system dynamics as a solution to improve project decision-making [52] , [100] , [104] , [105] . The information from the SD model can be utilised to aid in making decisions related to design changes where the impacts are often underestimated by construction industry practitioners. The model will enables project manager to address issues by simulating their impacts on the project before they become problems.
Conclusions
The critical appraisal of literature relating to causes of design changes and the resultant rework that cause delay and disruption which result in time delays and cost overruns in building construction projects has been presented. This study establishes that literature linking design changes and rework in construction projects is limited but found out that design changes is the significant factor for time delays and cost overruns. In order to mitigate the detrimental impacts of design changes, the dynamics that influences design changes need to be identified and attended to appropriately. Researchers and practitioners in construction management field will find this study useful in understanding the causing factors of design changes and its detrimental impacts to project performance which risk the project to claims and disputes. The framework which is a noteworthy outcome from this study stresses the importance of communication and management decision as the control mechanism. Dynamic project management using simulation to building construction projects which is a new trend that assures results by minimizing risks and uncertainties through use of predictive models. It gives the practitioners the ability to view the impacts of design changes to project performance before actually making the decision to implement the proposed design changes. If applied correctly it is able to hoard many projects from disaster. The simulated data can be useful to the critical management decision process. The conceptual map provides a new conceptualization and understanding the interrelationship between simulation, communication and decision-support system. Therefore, this is a unique contribution to the existing body of knowledge. While empirical evidence for this framework is still in an emerging state, the simplicity of the framework put forward broad application in the field of managing design changes as well as time delays and cost overruns research. The conceptual framework presents an imperative outcome to encourage further research in developing conceptual causal model of design changes which shows the key causal variables and their feedback loops. The SD methodology was selected because it can clearly illustrate the dynamics of design changes within the project lifecycle and how the impacts will affect project performance (time and cost). 
